The aim of this study was to evaluate the modified Carba NP test to differentiate KPC (Klebsiella pneumoniae carbapenemase)-and MBL (metallo-β-lactamase)-producing Klebsiella species.
| INTRODUC TI ON
Carbapenemases are β-lactamase enzymes that render bacteria resistant to nearly all classes of antibiotics including carbapenem, a last-resort antibiotic, posing an immense threat to public health. while class B enzymes require the presence of metal, i.e, zinc for their activity (thus known as metallo-β-lactamases). 2, 3 In 2013, the US Center for Disease Control and Prevention (CDC) put three drug-resistant superbugs in urgent category, namely carbapenem-resistant Enterobacteriaceae (CRE), drug-resistant Neisseria gonorrhoeae, and Clostridium difficile. 4 In 2014, antimicrobial resistance: global report on surveillance, released by the World Health
Organization (WHO) concluded that carbapenemase-producing
Klebsiella pneumoniae has spread to nearly all regions of the globe. 5 Conventional methods for carbapenemase detection utilize either enzyme inhibitors (combined disc test, disc synergy test) 6, 7 or chromogenic substance (chrome agar culture media), which are time-consuming and expensive, respectively. Some rapid and cheap methods (Carba NP, Blue Carba, Beta Carba) [8] [9] [10] have been developed. However, they lack the ability to characterize carbapenemases.
MBL producers may pose greater resistance compared with KPC producers because their plasmid may harbor a high number of other resistance genes like plasmid-mediated cephalosporinase genes, extended spectrum β-lactamase (ESBL) genes, aminoglycoside resistance genes (16S RNA methylases), macrolide resistance genes (esterase), rifampin genes (rifampin-modifying enzymes) and sulfamethoxazole resistance genes as a source of multidrug resistance and pandrug resistance. 11 Thus, accurate and timely differentiation of KPC and MBL carbapenemases is of the utmost importance for the betterment of treatment modality and reduction in the clinical mortality rate.
| MATERIAL S AND ME THODS

| Isolates
From August 2016 to July 2017, a total of 3437 clinical samples (sputum, pus, urine, blood, and fluids) were processed and Klebsiella spp. were identified as per standard operating procedures including as serine carbapenemase producer.
Test strain, showing more than 5-mm zone diameter around meropenem with EDTA and meropenem with both PBA and EDTA than zone diameter around meropenem disc alone, was considered as MBL producer.
However, test strain, showing no increase zone of inhibition around meropenem plus inhibitor and <10-mm zone diameter around temocillin, was considered as OXA-48 producer. 
| Modified Carba NP test
Modified Carba NP test was performed as described by Dortet Test strain turning yellow color from original red color in tubes 2 and 4 only was considered as KPC producer, whereas in tubes 2 and 3 it was considered as MBL producer.
| Polymerase Chain Reaction
Conventional PCR was performed using different primers to determine the type of carbapenemase genes (KPC, NDM, IMP, VIM, OXA-48) and used as gold standard method for statistical analysis (Table 1 ).
| Quality Controls
Klebsiella pneumoniae ATCC 1705 and K. pneumoniae ATCC 2146
were used as positive controls for KPC and MBL carbapenemase producers, respectively. TA B L E 1 Primer sequences for carbapenemase genes predominately isolated from sputum samples (21.5%) followed by pus (15%) and blood samples (12.9%), whereas Escherichia coli (15.6%) was the most common isolate and Enterobacter spp. (0.7%), the least one (Table 2) .
| RE SULTS
Modified Carba NP test demonstrates very low performance after 30 minutes, which greatly increases up to 2 hours only.
Sensitivity, specificity, PPV, and NPV were 91.7%, 100%, 100%, and 99.8% for KPC and 96.7%, 100%, 100%, and 99.5% for MBL detection, respectively (Table 3) . Modified Carba NP test detected 91.7% (11/12) KPC-producing Klebsiella spp. and combined disc test detected 66.7% (9/12), whereas both equally detected MBL producers. However, there was a non-significant difference (P > .01) by
Fisher's exact test (Table 4) .
| D ISCUSS I ON
This study evaluates the performance of modified Carba NP test for the characterization of carbapenemase-producing Klebsiella spp.
phenotypically. 
TA B L E 2 Overall distribution of specimen process & isolates obtained
